cigarette, the average length of time taken to smoke a cigarette
(except in the highest number of puffs category), and the taking
of more puffs at the end of the cigarette.

These findings, and those of the study of Auerbach, et al. (11),
add further support to the dose-response relationship between lung
cancer and total cigarette smoke condensate exposure.

SUMMARY AND CONCLUSIONS

1. Epidemiological evidence derived from a number of prospec-
tive and retrospective studies coupled with experimental and path-
ological evidence confirm the conclusion that cigarette smoking is
the main cause of lung cancer in men. These studies reveal that the
risk of developing lung cancer increases with the number of cigar-
ettes smoked per day, the duration of smoking, and earlier initia-
tion, and diminishes with cessation of smoking.

2. Cigarette smoking is a cause of lung cancer in women but
accounts for a smaller proportion of cases than in men. The mor-
tality rates for women who smoke, although significantly higher
than for female nonsmokers, are lower than for men who smoke.
This difference may be at least partially attributed to difference in
exposure; such as, the use of fewer cigarettes per day, the use of
filtered and low ‘“tar” cigarettes, and lower levels of inhalation.
Nevertheless, even when women are compared with men who ap-
parently have similar levels of exposure to cigarette smoke, the
mortality ratios appear to be lower in women.

3. The risk of developing lung cancer among pipe and/or cigar
smokers is higher than for nonsmokers but significantly lower than
for cigarette smokers.

4. The risk of developing lung cancer appears to be higher among
smokers who smoke high “tar” cigarettes or smoke in such a man-
ner as to produce higher levels of “tar” in the inhaled smoke,

5. Ex-cigarette smokers have significantly lower death rates for
lung cancer than continuing smokers. There is evidence to support
the view that cessation of smoking by large numbers of cigarette
smokers would be followed by lower lung cancer death rates.

6. Increased death rates from lung cancer have been observed
among urban populations when compared with populations from
rural environments. The evidence concerning the role of air pollu-
tion in the etiology of lung cancer is presently inconclusive. Factors
such as occupational and smoking habit differences may also con-
tribute to the urban-rural difference observed. Detailed epidemio-
logic surveys have shown that the urban factor exerts a small
influence compared to the overriding effect of cigarette smoking in
the development of lung cancer.
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7. Certain occupational exposures have been found to be asso-
ciated with an increased risk of dying from lung cancer. Cigarette
smoking interacts with these exposures in the pathogenesis of lung
cancer so as to produce very much higher lung cancer death rates
in those cigarette smokers who are also exposed to such substances.

8. Experimental studies on animals utilizing skin painting,
tracheal instillation or implantation, and inhalation of cigarette
smoke or its component compounds, have confirmed the presence of
complete carcinogens as well as tumor initiators and promoters in
tobacco smoke. Lung cancer has been found in dogs exposed to the
inhalation of cigarette smoke over a period of more than two years.

CANCER OF THE LARYNX

Cancer of the larynx is a disease which predominantly affects
males in the 55 to 70 year age group. In 1967, a total of 2,468 males
and 329 females died of laryngeal cancer in the United States. With
the development and application of more effective therapy during
the past 30 years, the death rate for cancer of the larynx appears
to be dropping slightly (282, 289) ; however, the incidence con-
tinues to rise. Figures from the Connecticut Cancer Registry (88)
show that the age-adjusted incidence per 100,000 population of
cancer of the larynx for males rose from 3.0 in 1950 to 5.6 in 1961.

EPIDEMIOLOGICAL STUDIES

A number of epidemiological studies have investigated the rela-
tionship between smoking habits and the development of cancer
of the larynx. The major prospective studies, as outlined in table
20, show that smokers of cigarettes run an approximately six-to-
tenfold risk of dying from this form of cancer as compared to non-
smokers., Smokers of pipes and cigars incur a three-to-sevenfold
risk. The retrospective studies listed in table A21 uniformly show
fewer nonsmokers and more smokers among cases with cancer of
the larynx than among matched controls. Table A22 summarizes
the relative risk ratios derived from the retrospective studies. The
wide variation is due to a number of factors, including type of popu-
lation and interview technique. But, in general, the magnitude of
most of these ratios is of the same order as in the prospective
studies.

Wynder, et al. (272) have distinguished between cancer of the
intrinsic and extrinsic larynx. Tumors arising on the vocal cords
are classified as intrinsic and constitute approximately 70 percent
of the lesions. The extrinsic larynx is composed of those sections of
the larynx excluding the vocal cords and may also be referred to as
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TABLE 20.—Laryngeal cancer mortality ratios
{Actual number of deaths shown in parentheses)?!
SM = Smokers. NS = Nonsmokers.

Prospective studies

Number
Author, of
year, Number and Data Follow- laryngeal Cigarettes/day Pipes, cigars Comments
country, type of collection up cAncer
reference population years deaths
Hammond 187,783 white Questionnaire A4 24 Cigarette smokers 17/24. Cigar Data referring to mortality
and males 50-69 and follow- SM ..24 a/24 ratio included cancer of
Horn, yvears of age up of death NS .. 0 Mixed esophagus and mouth.
1958, in O states. certificate. 4/24
U.8.A.
(120).
Doll and Approximately Questionnaire 10 16 All smokers by amount Pipe and cigart 1 Includes data on ex-
Hill, 41,000 male and follow- SM . .16 in grama NS .... L00 smokers of pipes and cigars.
1964, British up of death NS .. ¢ L SM ... 500 No NS died of laryngeo-
Great physicians. certificate. 1I-14 ...l 1.00 tracheal cancer, therefore
Britain 15-24 ............ 100 1-14 gram SM set as 1.00
{(74). =25 .. iiiiieo.. . TBO standard.
Data combine laryngeal
and tracheal earcinoma.
Kahn U.S. male Questionnaire 814 54 NS ..., 1.00 (3) Pipe Refers to current cigarette
(Dorn}, veterans, and follow- SM ..51 -8 3.27 (1) NS .... 1.00 {(3) smokersonly.
1966, 2,265,674 up of death NS .. 3 10-20 ............ 845(10) SM ....10.33 (6)
U.8.A. Person years, certificate, 21-39 ............13.62(11) Pipe and cigar
(189}, =39 .. 18.85 (3) NS .... L00 (3)
Al oL 995(25) 0 SM ..., T.2B(11)
Hammond, 440,558 males Interviews 4 57 NS ... ... 1.00 (3) Pipe and cigar Male data only.
1966, 562,671 fe- by ACS SM . .54 SM (age 45-64) .. 6.00(32) NS .... 1,00 (3) Pipe and cigar data refer to
U.8.A. males 35-84 volunteers. NS .. 3 SM (age 65-79) .. 8.99(18) SM .... 3.37 (4) males 55-84 years of age.
(118), vears of age

in 25 states.
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TABLE 20.—Laryngeal cancer mortality ratios (cont.)
{Actual number of desths shown in parentheses)!

SM _ Smokers. NS = Nonsmokers.
Prospective studies

Number

Author, of
year, Number and Data Follow- laryngeal Cigarettea/day Pipes, cigars Comments
country, type of collection up cancer
reference population years deaths
Weir and 68,153 males Questionnaire 5-8 11 NS ... cee.  — No nonsmokers died of

Dunn, in various and follow- SM . .11 *10 ..., 1,00 lavyngeal eaycinoma,
1970, oceupations up of death NS .. 0 | | R 5.99 therefore =10 smoker set
U.8.A., in California. certificate. =30 v e B as 1.00 standard,
(306). NS includes pipe and cigar

smuokers.

SM includes ex-smokers.

1 Unless otherwise specified, disparities between the total number of deaths
and the sum of the individual smoking categories are due to the exclusion
of either oceasional, miscellaneous, mixed, or ex-smokers.



the hypopharynx. These authors noted that the percentage of heavy
smokers among the patients with cancer of both the extrinsic and
intrinsic larynx was significantly greater than that among controls.
However, it is of interest that the excess risk of laryngeal cancer
among cigar and pipe smokers in this study could be attributed to
the extrinsic laryngeal group.

As in studies of oral cancer, it appears that alcohol consumption
should also be taken into account in studies of laryngeal cancer.
Wynder, et al. (372) reported a significantly increased risk of
extrinsic cancer among those with alcohol intake above 7 ounces of
whiskey per day. With less than this amount, no increased risk wag
evident. Schwartz, et al. (248), noted no effect in relation to alcohol
intake. Further research into the interaction of these two variables
is necessary.

PATHOLOGICAL STUDY

Auerbach, et al. (9) studied histological changes in the larynges
of 942 men, age 21 to 95, who were autopsied at a single hospital
between 1964 and 1967, Cases of primary cancer of the larynx were
excluded from the study. Smoking histories for all cases were
obtained from family members of the deceased by trained inter-
viewers. The randomized histological sections were graded by one
observer. Tables A23 and A24 summarize the findings in the true
vocal cord. Of the men who never smoked, 75 percent had no cells
with atypical nuclei, only 4.5 percent had sections with areas con-
taining 60 to 69 percent of cells with atypical nuclei, and none had
a higher percentage. The 116 ex-smokers had laryngeal histology
similar to that of the nonsmokers, as far as atypical nuclei were
concerned. However, disintegrating nuclei were found in 10.5 per-
cent of the ex-cigarette smokers and in only 0.4 percent of the
remaining cases. Only one of the 91 cigar and or pipe smokers had
no atypical cells. Three had carcinoma in situ, and one case had a
section showing early invasive primary carcinoma,

The highest percentage of atvpical cells was found among the
cigarette smokers. The proportion of cases with a high degree of
cellular change increased with increased daily smoking. None of
the pack-or-more-a-day smokers was free of atypical nuclei in the
laryngeal epithelium. Of those who smoked two or more packs per
day, 85 percent had lesions with 60 percent or more atypical cells
as compared to -1 percent of the nonsmokers, Between 10 and 18
percent of the cigarette smokers had areas of carcinoma in situ,
and 1 of the 641 cases showed early microscopic invasion. The
thickness of the basal level of the true vocal cord was also directly
related to the amount smoked.
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